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A taxonomic revision of the genus Pentatrichia Klatt is presented here. Morphological data from previously described taxa: P. alata S.Moore,
P. avasmontana Merxm., P. petrosa Klatt and P. rehmii (Merxm.) Merxm. were subjected to both univariate and multivariate statistical methods.
Herbarium material and specimens collected during fieldwork were examined. Morphological character data were analysed using Unweighted
Pair-group Method Arithmetic Average (UPGMA) algorithm so as to obtain groupings as objectively as possible. Cluster analyses revealed the
existence of three groupings in the genus that corresponded to P. alata, P. petrosa and P. rehmii. Two ordination methods, i.e. Principal
Coordinate Analysis (PCO) and Principal Component Analysis (PCA) were employed and confirmed the results obtained from cluster analyses.
Pentatrichia avasmontana Merxm. is here reduced to subspecific level under P. rehmii (Merxm.) Merxm.; P. rehmii subsp. avasmontana
(Merxm.) Klaassen & Kwembeya comb.nov. Leaf characters and presence/absence of ray florets proved to be the most important characters in
diagnosing species in the genus. Field assessments of Namibian species facilitated comprehensive Red List assessments of the genus in Namibia.
Two taxa, P. rehmii subsp. avasmontana and P. petrosa, emerged as “Least Concern” with P. rehmii subsp. rehmii falling in the “Vulnerable”
(VUD1) category. A new key for the species, descriptions and distribution maps at the quarter degree level are provided.
© 2008 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Morphology; Pentatrichia; Red List; Statistical methods; Taxonomic revision1. Introduction
The genus Pentatrichia was first described by Klatt (1895).
Previous works have recorded four species occurring in
Namibia and South Africa (Merxmüller, 1950, 1954, 1967;
Anderberg, 1994; Herman et al., 2000; Germishuizen and
Meyer, 2003). The genus is considered to be monophyletic
(Anderberg, 1991). Three of the species described namely:
P. avasmontana Merxm., P. petrosa Klatt, and P. rehmii
(Merxm.) Merxm. has been reported to occur in Namibia,
with P. avasmontana and P. rehmii being endemic (Merxmüller,
1967; Craven, 1999; Germishuizen and Meyer, 2003; Loots,
2005). The only existing specimen of P. rehmii is the type
specimen, which is kept in the München Herbarium (M),
Botanischen Staatssammlung, Germany. According to herbar-
ium specimen data, P. avasmontana has a predominantly central⁎ Corresponding author. Tel.: +264 61 2022039; fax: +264 61 258153.
E-mail address: essiek@nbri.org.na (E.S. Klaassen).
0254-6299/$ - see front matter © 2008 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2008.10.002distribution while P. petrosa is a more widespread species in
Namibia. The fourth species, P. alata S.Moore, is listed as
endemic to the Limpopo and Mpumalanga provinces in South
Africa (Retief and Herman, 1997; Victor, 2002; Germishuizen
and Meyer, 2003). SANBI (2007) lists P. alata as LC rare
(Least Concern rare). Loots (2005) lists P. avasmontana as LC
(Least Concern) and P. rehmii as DD (Data Deficient), due to
limited information for Namibia.
The genus Pentatrichia was last revised in 1954 by
Merxmüller and has been in need of revision for the following
reasons: the existing keys are not only outdated, but in
German and Latin making them unavailable to the wider
scientific community; the genus contains Namibian endemics,
which might be threatened by extinction due to our ignorance
of its alpha taxonomy and its whole range; the genus is known
to occur in one of the Important Plant Areas (IPAs), which
might be affected by altered land use practices, necessitating
the generation of taxonomic information needed for risk
assessment; the type locality for P. rehmii falls within one ofts reserved.
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escarpment and Otavi Mountains within the Karstveld
(Hofmeyr, 2004)); there was a need for more field studies to
give a comprehensive assessment of the conservation status of
P. rehmii. Positive identification of this species has been
difficult due to lack of adequate herbarium specimens and
illustrations.
The overall aim of the current study was to produce a
taxonomic revision of the genus Pentatrichia. This work
differed from previous studies in that it employed statistical
treatment of character data in order to obtain a classification that
is both operational and objective. The taxonomic usefulness of
morphological characters currently in use was investigated so as
to develop an updated English identification key for the genus.
In addition, the study focused on mapping the distribution of all
the species as well as assessing the conservation status of the
Namibian species.
2. Material and methods
2.1. Material
Herbarium specimens were obtained from the WIND,
PRE, NBG, SAM, M, Z. Plants of some species were also
studied in the field and all the associated data were collected.
2.2. Methods
Thirty-nine herbarium specimens of P. alata, P. avasmon-
tana, P. petrosa and P. rehmii were subjected to morphometric
analyses. Each herbarium specimen was regarded as an
Operational Taxonomic Unit (OTU). All specimens examined
are listed in Appendix A. A list of 53 characters was prepared
and measurements of selected characters were taken. A data
matrix of all characters was compiled using NTSYS data editor
(Rolf, 2004). A data matrix was compiled for quantitative
characters using STATISTICA (Statsoft, 2004).
Field studies were conducted in the central part of Namibia
(Daan Viljoen Game Reserve and Aredareigas Nature Estate)
and the north-eastern part of Namibia (Waterberg Plateau Park,
Otavi–Grootfontein area). Voucher specimens were collected
according to standard herbarium techniques. Photographs of
plants and associated notes were taken in the field. In addition,
Red List assessments of individual species were also undertaken
and analysed with the help of RAMAS software (Akçakaya and
Ferson, 2001), which is based on the IUCN Red List
classification system (IUCN, 2001). Species distribution maps
were generated using MAPPIT Geographical Mapping System
software version 2.0 (NBI, 1996).
2.2.1. Multivariate methods
2.2.1.1. Cluster analyses. A rectangular matrix with 39 rows
(OTUs) and 53 columns (characters) was constructed (Appen-
dix B). The data were log transformed to normalise and then
standardised by subtracting the mean of each column of
variables and dividing the remainder by the standard deviationto remove the effect of size variation. A similarity distance
matrix using Manhattan distances was computed for the OTUs
from the standardised data. The SAHN (Sequential Agglom-
erative Hierarchical Nested Clustering) method was used based
on the similarity matrix, and grouping algorithms single
linkage, complete linkage and UPGMA (Unweighted Pair-
group Method Arithmetic Average) were used to generate
phenograms. The cophenetic values for each of the grouping
algorithms were computed to compare the similarity matrix and
the cophenetic value matrix to test the goodness of fit of the
phenograms.
2.2.1.2. Ordination analyses. Ordination methods were
employed to check the repeatability of the groupings obtained
by the cluster analyses. Two ordination methods, Principal
CoordinateAnalysis (PCO) and Principal ComponentAnalysis
(PCA) were used in this study.
The PCO used the same data matrix that was used for the
cluster analyses. The data were first log transformed,
standardised and a similarity matrix computed. Standardisation
was done by subtracting the mean from the value of each object
and then dividing it by the standard deviation. A similarity
distance matrix using Manhattan distances was computed for
the OTUs from the standardised data. The data were then
double-centred and the eigen vectors were extracted and plotted
directly.
For the PCA, a data matrix of seven quantitative characters
namely; leaf length, leaf width, petiole length, capitulum length,
capitulum width, peduncle length and achene length was
constructed. The data were log transformed by the columns and
standardised by the columns by subtracting the mean from the
value of each object and then dividing it by the standard
deviation. A similarity matrix was computed using the
standardised data based on the coefficient correlation. The
eigen vectors were extracted and projected onto the objects to
produce the PCA plot.
2.2.2. Univariate analyses
Box-and-whisker plots were generated using STATISTICA
(Statsoft, 2004) to determine the variability of each character as
well as the extent of overlap. These were graphed to explore the
variability of seven quantitative characters used in the cluster
and ordination analyses. The characters examined were leaf
length, leaf width, petiole length, capitulum length, capitulum
width, peduncle length and achene length.
3. Results and discussion
Three clustering algorithms, namely single linkage,
UPGMA and complete linkage were used to generate
phenograms. The cophenetic correlation was calculated to
test the goodness of fit of the different clustering algorithms
(Table 1). According to Pankhurst (1991) the highest
cophenetic correlation represents less distortion and a better
classification and is thus an indication that the clustering is a
good representation of the original dataset. Of the three
clustering algorithms implemented the UPGMA obtained the
Table 1
Cophenetic correlation coefficients for the different clustering algorithms
computed using Manhattan distance
Data set Clustering method Cophenetic correlation coefficient
Multivariate data Single linkage 0.72413
Complete linkage 0.76544
UPGMA 0.78221
UPGMA clustering obtained the highest cophenetic correlation coefficient.
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indicating the best fit between the phenogram and the original
distance matrix.
Cluster analyses (Fig. 1) revealed two distinct clusters, A
and B, with a phenon line drawn at r=0.14. Cluster A
consisted of P. alata, P. avasmontana and P. rehmii, whereas
cluster B comprised specimens of P. petrosa. Group A
contained all the taxa that had a lanceolate-ovate leaf shapeFig. 1. Floristics, endemism and phytogeographical affinities of the Sneeuberg mount
(A, B) were revealed with a phenon line drawn at r=0.14. Three discrete clusters (Cwhereas, group B included taxa with a cordate leaf shape,
P. petrosa being the only species with a cordate leaf shape. At
phenon line r=0.116 three clusters (C, D and E) were formed.
Cluster C contained P. alata, cluster D included a combina-
tion of P. avasmontana and P. rehmii and cluster E contained
specimens of P. petrosa. Groupings were definitive on the
basis of leaf and capitulum characters. Specimens of
P. avasmontana grouped together with P. rehmii showing
close morphological similarity between the two taxa. Groupings
were named according to the type specimens nesting within
them.
The PCO analyses (Figs. 2, 3) confirmed the existence
of three taxa in the genus as obtained by cluster analyses
(Fig. 1).
The PCA groupings were not as clear-cut as in the PCO
analyses and only revealed two clusters (Fig. 4). This could be
due to the fact that fewer characters were used to compute theain complex, South Africa UPGMA generated phenogram. Two discrete clusters
, D, E) were revealed at r=0.116.
Fig. 4. Principal Component Analysis (PCA) plot based on seven quantitative
characters revealed two groupings (F, G). Cluster F contained P. avasmontana
and P. rehmii, whilst cluster G included P. alata and P. petrosa. Clusters were
named according to the type specimens nested within them.Fig. 2. Principal Coordinate Analysis (PCO) plot based on mixed characters
using dimensions 1 and 2. Three distinct groupings (E, C, D) were revealed.
E: P. petrosa, C: P. alata and D: P. avasmontana and P. rehmii. Clusters were
named according to the type specimens nested within them.
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still nested within P. rehmii and P. alata clustered within
P. petrosa. The groupings obtained were largely defined on
the basis of leaf characters. PCA is sensitive to binary
characters and was accordingly restricted to only seven
quantitative characters. PCA has the disadvantage of not
being able to handle missing data. It is however good at
determining how much each character contributes to the
component as indicated by Table 2. The first three
components or characters (leaf length, leaf width and petiole
length) contributed most to the variation. Although the petiole
wing width delimits P. alata from P. avasmontana, P. petrosa
and P. rehmii, it was not included in the multivariate analyses,
because it was difficult to obtain accurate measurements of
the petiole width of the other three species.Fig. 3. Principal Coordinate Analysis (PCO) plot based on mixed characters
using dimensions 1 and 3. Three distinct groupings (E, C, D) were revealed. E:
P. petrosa, C: P. alata and D: P. avasmontana and P. rehmii. Clusters were
named according to the type specimens nested within them.Box plots were graphed both to determine the extent of
overlap between quantitative characters, as well as to reveal
characters of diagnostic value that could be used in the
construction of a dichotomous key (Fig. 5). Petiole length was
the only character that clearly separated P. avasmontana and
P. rehmii from P. petrosa. Pentatrichia rehmii could not be
distinguished from P. avasmontana (Fig. 5). Leaf length and
leaf width are inversely related in P. petrosa; leaf being
wider than long compared to P. alata, P. avasmontana and
P. rehmii.
Examination of morphological characters revealed that
P. alata and P. avasmontana have white ray florets and yellow
disc florets. Pentatrichia alata, P. avasmontana and P. rehmii
have a lanceolate-ovate leaf shape, whilst P. petrosa has a
cordate to rounded leaf.
Five species concepts were considered, namely phenetic,
recognition, biological, ecological and cladistic species
concepts (Ridley, 1993). Morphology offers the most
practical source of easily identifiable taxonomic characters
and results in the identification of phenetic species. Phenetic
species concept offers the most important source of
taxonomic characters for Asteraceae (Bohm and Stuessy,
2001). Previous studies on the genus Pentatrichia were based
solely on morphological characters. This study, althoughTable 2
Character loadings in the PCA plot
Component Eigen value Percent Cumulative
1 3.87957509 55.4225 55.4225
2 1.08289757 15.4700 70.8925
3 0.96133610 13.7334 84.6258
4 0.58882416 8.4118 93.0376
5 0.29997874 4.2854 97.3230
6 0.14717567 2.1025 99.4255
7 0.04021267 0.5745 100.000
Sum of eigen values=7.000.
Fig. 5. Box plots showing variation of seven quantitative characters used in the multivariate analyses (measurements are in mm).
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previous studies in that statistical approaches and phenologi-
cal studies have been employed. Leaf length, leaf width,petiole length, petiole wing width and the presence or absence
of ray florets proved to be the most important characters for
delimiting species in the genus.
Fig. 6. Photographs of Namibian species of Pentatrichia (A) P. rehmii subps. avasmontana in its natural habitat; (B) P. rehmii subps. avasmontana in flower; (C) P.
rehmii subps. rehmii in its natural habitat; (D) P. rehmii subps. rehmii in flower; (E) P. petrosa in its natural habitat; (F) P. petrosa in flower.
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following results obtained from both multivariate and
univariate analyses. The cluster and ordination plots show
P. avasmontana embedded within P. rehmii (Figs. 1–3).
Pentatrichia rehmii showed close similarity with P. avas-
montana taking into consideration the characters used for the
univariate analyses (leaf size, petiole length, capitulum size,
peduncle length and achene length) as well as leaf shape,texture and petiole wing width. The extent of overlap
of P. rehmii with P. avasmontana was such that no clear
distinction between the two species could be made, further
strengthening the view that these two may represent one
heterogenous species. The only discernible morphological
difference between the two species is the presence of ray
florets in P. avasmontana. In addition the two taxa are
distributionally distinct. Pentatrichia avasmontana has a
Fig. 7. Distribution of Pentatrichia in southern Africa (▲) P. alata, (□) P.
petrosa, (●) P. rehmii subsp. avasmontana, (★) P. rehmii subsp. rehmii.
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schist and quartzite, whereas P. rehmii occurs mainly on
quartzite in north-eastern Namibia. Darwin (1872) states that
subspecies are local forms, which are completely fixed and
isolated, but they do not differ from each other by strongly
marked characters. The presence of only one variable
character between these two species does not warrant specific
status for P. avasmontana and it is thus reduced to a
subspecies under P. rehmii as P. rehmii subsp. avasmontana
(Merxm.) Klaassen & Kwembeya comb.nov.
The flowers of all species mature mainly between August
and October. The flowering periods overlap considerably, thus
the possibility of hybridisation among species in contact zones
is not inconceivable. However, no hybrids were observed in this
study.
All species of Pentatrichia are generally cremnophilous
(Fig. 6) with the exception of P. petrosa, which grows at the
base of boulders. The genus generally occurs on the southern
and eastern slopes indicating a preference for shade or short
periods of sunlight. No known threats have been reported as it
generally grows on cliff faces not easily accessible to both
animals and people.
4. Taxonomy
Pentatrichia Klatt in Bulletin de L'Herbier Boissier 3:436–
437 (1895); Merxmüller in Mitt. Bot. München 10:438–439
(1954); Merxmüller in FSWA 139:138–139 (1967); Anderberg
in Op. Bot. 104:43 (1991); Anderberg in Asteraceae Cladistics
and Classification 325 (1994); Herman et al. in Strelizia 10:154
(2000).
Type: P. petrosa Klatt
Shrub or shrublets, varying from 0.2–1.50 m, much
branched, branches curved; young shoots glandular pilose to
glabrescent, densely leafy toward apex. Leaves incised with
obtuse lobes, glandular pubescent, often reticulate and pittedbelow, alternate, cordate or lanceolate or ovate or lanceolate-
ovate, petiolate or rarely sessile, membranous; petiole
prominently winged or visible only as a ridge. Capitula
heterogamous or homogamous, solitary or subcorymbose on
apical branches, pedunculate; peduncles densely bracteate.
Ray florets when present marginal, female, white; tube
slender, limb elliptical, bidentate or shortly tridentate. Disc
florets bisexual and fertile, yellow; tube cylindrical narrowing
toward the hardly or expanding five dentate limb; teeth small,
lanceolate or almost linear. Receptacle naked, pitted,
honeycombed. Ovary oblong. Style filiform, basally inflated,
bifid; style branches linear or obtuse with sweeping hairs not
reaching furcation. Anthers linear, tailed at the base. Invo-
lucre campanulate. Involucral bracts multi-seriate, 7 rows,
imbricate, linear-lanceolate, acuminate, membranous, gland-
ular to obscurely glandular to eglandular abaxially, margin
serrulate; inner-most bracts 2 mm and outer-most 7 mm long;
recurved in dry state. Achenes sparsely pubescent to glabrous,
1 mm long, indistinctly 4-ribbed, maturing to black. Pappus
of 3–5(–8) free barbelate bristles in 1 row, interspersed with a
row of short scales.
4.1. Key to Pentatrichia species
1a Leaves orbicular-cordate, membranous; capitula homo-
gamous; ray florets absent; growing mainly between
boulders ..........................…………………………..P. petrosa
1b Leaves lanceolate-ovate, thickening with maturity;
capitula heterogamous or homogamous; ray florets
absent or present; cremnophilous ..............………...2
2a Petiole more than 15 mm long; petiole wing prominent,
up to 1.5 mm wide; capitula heterogamous; ray
florets present; plants endemic to South Africa
..........………………………………………………………..…P. alata
2b Petiole less than 6 mm long; petiole wing obscure, mainly
visible as a ridge, less than 0.2 mm wide; capitula
heterogamous or homogamous; ray florets absent or
present; plants endemic to Namibia ..…………....P. rehmii
Species Descriptions
Pentatrichia alata S.Moore in Journ. Bot. 55:106 (1917)
Type: South Africa, Pilgrim's Rest, Rogers 18667 (PRE, iso!)
Synonyms: Philyrophyllum alatum Burtt Davy in Kew Bull.
570 (1935)
Pulicaria alata Phill. in Gen. S. Afr. Fl. Pl. 2:805 (1951)
Perennial shrub, up to 1 m high. Leaves lanceolate-ovate,
up to 51×24 mm, thickening with maturity, narrowing into a
prominently winged petiole; petiole wing up to 1.5 mm
wide; petiole up to 15 mm long. Capitula heterogamous,
solitary or 2–4, up to 12×17 mm; peduncles up to 13 mm
long. Ray florets present. Involucral bracts obscurely
glandular abaxially. Achenes pubescent, 0.5(–1.0) mm
long. Pappus bristles 5.
Distribution: Occurs in the Limpopo and Mpumalanga
provinces of South Africa, which are included in the Wolkberg
Centre of Endemism (Fig. 7). Pentatrichia alata is the only
species occurring outside Namibia. It occurs in areas receiving
up to 2000 mm of rainfall as opposed to the Namibian species
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600 mm/annum.
Ecology: Rock crevices or mountain sides. Found on N
aspect, Altitude between 1000 and 1936 m.
Conservation status: Endemic, LC rare (Least Concern rare)
Specimens examined: Rau & Schlieben 9646 (M); Rogers
18667 (PRE);
Venter 9825 (PRE)
Pentatrichia rehmii (Merxm.) Merxm. in Mitt. Bot. München
1:43 (1950)
Type: Namibia, Rehm s.n., Guchab Mountains (M)
Synonyms: Pentatrichia rehmii (Merxm.) Merxm. in Mitt.
Bot. München 1:43 (1950)
Inula rehmii Merxm. in Mitt. Bot. München 1:43 (1950)
Perennial shrub, up to 0.5 m high. Leaves ovate-lanceolate,
29–37×13–16 mm, petiolate or rarely sessile, thickening with
maturity, narrowing into almost winged petiole; petiole wing
often only visible as a ridge; petiole up to 5 mm long. Capitula
heterogamous or homogamous, solitary or 4–10, up to
11×9 mm; peduncles 10×8 mm long. Ray florets when present
marginal. Involucral bracts obscurely glandular abaxially.
Achenes sparsely pubescent, 0.7(–1.5) mm long. Pappus bristles
3–5.
Two forms are closely related but distributionally and
morphologically distinct and will be recognised on the
subspecific level. These two are easily separated as follows:
1a Capitula heterogamous; ray florets present; occurring
mainly in central Namibia ………...................................
.................................................... subsp. avasmontana
1b Capitula homogamous; ray florets absent; occurring in
north-eastern Namibia………………………………………….......
............................................................... subsp. rehmii
Pentatrichia rehmii Merxm. subsp. avasmontana (Merxm.)
Klaassen & Kwembeya comb.nov.
Basionym: Pentatrichia avasmontana Merxm.
Type: Dinter 7894, Lichtenstein in the Auas mountains
(PRE, iso!, Z, iso!)
Synonyms: Pentatrichia avasmontana Merxm. in Mitt. Bot.
München 1:441 (1954); Type: Dinter 7894, Lichtenstein in the
Auas mountains (PRE, iso!, Z, iso!)
P. confertifoliaMerxm. in Mitt. Bot. München 1:441 (1954);
Type: Fleck 49a, Gamsberg (Z!).
Tetratrichia avasmontana Dinter ex Merxm. in Mitt. Bot.
München 1:440 (1954), nom.nud. in syn. (Z!)
Pulicaria confertifolia Klatt ex Merxm. in Mitt. Bot.
München 1:440 (1954), nom.nud. in syn. (Z!)
Perennial shrub, up to 0.3 m high. Leaves ovate-lanceolate,
up to 36×16 mm. Capitula heterogamous, solitary or 4–10, up
to 10×7 mm; peduncles up to 8 mm long. Ray florets present.
Achenes 0.7(–1.3) mm long. Pappus bristles 3–5.
Distribution: Occurring mainly in the central highlands
with an outlying population in the Waterberg Plateau Park
(Fig. 7).
Ecology: Occurring in crevices of cliff faces, preferring S,
SE, E and NE faces. Various rock types including sandstone,
schist and quartzite have been noted. Altitude between 1515 and
2326 m.Conservation status: Endemic, LC (Least Concern)
Specimens examined:Bradfield 575 (PRE);Dinter 7894 (PRE,
Z); Merxmüller & Giess 32564 (WIND); Meyer 1013 (WIND,
M);Meyer 1015 (M); Seydel 4063 (WIND); Seydel 4064 (M)
Pentatrichia rehmii (Merxm.) Merxm. subsp. rehmii
Small shrubs, up to 0.5 m high. Leaves ovate-lanceolate, up
to 29×13 mm. Capitula homogamous, solitary or up to 4, up to
10×8 mm; peduncles up to 6 mm long. Ray florets absent.
Achenes 0.8(–1.5) mm long. Pappus bristles 5.
Distribution: North-eastern Namibia (Fig. 7).
Ecology: Crevices of quartzite cliff faces, preferring E faces.
Altitude between 1646 and 1729 m.
Conservation status: Endemic, VUD1 (Vulnerable)
Specimens examined: Klaassen & Hochobes 1751 (WIND);
Klaassen & Hochobes 1752 (WIND); Klaassen & Hochobes
1754 (WIND); Klaassen & Hochobes 1755 (WIND); Klaassen
& Hochobes 1756 (WIND); Klaassen & Hochobes 1757
(WIND); Rehm s.n. (M, digital scan)
Pentatrichia petrosa Klatt in Bull. Herb. Boiss. (1895)
Type: Namibia, Steingröver 19, Aus (Z!)
Synonym: Inula petrosa Klatt ex Range in Feddes Repert.
38:279 (1935)
Perennial shrubs, 0.2–1.50 m high. Leaves cordate, up to
37×37 mm, long petiolate narrowing into almost winged
petiole, membranous; petiole wing often only visible as a ridge;
petiole up to 27 mm long. Capitula homogamous, solitary or
twinned on apical branches, up to 14×14 mm; peduncles up to
22 mm long. Ray florets absent. Involucral bracts eglandular to
obscurely glandular abaxially. Achenes sparsely pubescent, 0.8
(–1.3) mm long. Pappus bristles 5–8.
Distribution: Widespread in Namibia extending into the
Northern Cape province of South Africa (Fig. 7).
Ecology: Rocky and mountainous areas along the escarpment,
mainly at the base and in crevices of boulders, but are occasionally
found hanging from crevices of cliffs, on koppies and rocky
outcrops. Found on S, SE, SW, E, ESE, W, and N aspects. A
variety of rock types including schist, granite, sandstone, quartzite
and dolomite have been noted. Altitude between 490 and 1719 m.
Conservation status: LC (Least Concern)
Specimens examined: Bleissner 299 (M); Botha & Breden-
kamp 3573 (PRE); Bradfield 524 (PRE); De Winter 3278
(WIND, M); De Winter & Leistner 5904 (WIND, PRE, M);
Dinter 276 (NBG); Gassner 198 (M); Giess 3949 (WIND);
Giess 10404 (WIND, PRE, M); Giess & Müller 11835
(WIND, M); Hardy & Venter 4601 (PRE, WIND); Kinges
2311 (M); Klaassen & Bartsch 528 (WIND); Merxmüller &
Giess 3561 (M); Nordenstam & Lundgren 578 (M); Örten-
dahl 269 (PRE); Schelpe 207 (M); Schwerdtfeger 4060
(WIND); Steingröver 19 (M); Strey 2122 (M, PRE).
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OTUs used in the analyses
OUT Name Collector
1 Rogers 18667
2 Venter 9825
3 Rau & Schlieben 9646
4 Seydel 4063
5 Merxmüller & Giess 32564
6 Bradfield 575
7 Seydel 4064
8 Meyer 1015
9 Dinter 7894
10 Klaassen & Hochobes 1759
11 Klaassen & Hochobes 1760
12 Meyer 1013
13 Hardy & Venter 4601
14 Klaassen & Bartsch 528
15 Örtendahl 269
16 Seydel 4060
17 Gassner 198
18 Merxmüller & Giess 3561
19 Giess 14462
20 Dinter 276
21 Strey 2122
22 De Winter & Leistner 5904
23 De Winter 3278
24 Bleissner 299
25 Kinges 2311
26 Steingröver 19
27 Giess 10404
28 Giess & Müller 11835
29 Nordenstam & Lundgren 578
30 Schelpe 207
31 Botha & Bredenkamp 3573
32 Bradfield 524
33 Klaassen & Hochobes 1751
34 Klaassen & Hochobes 1752
35 Klaassen & Hochobes 1754
36 Klaassen & Hochobes 1755
37 Klaassen & Hochobes 1756
38 Klaassen & Hochobes 1757
39 Rehm s.n.Herbarium (SAM), South Africa; Institut für Systematische
Botanik, Universität Zürich (Z); Herbarium Botanischen
Staatssammlung (M), München.number Status Taxon
Type P. alata
P. alata
P. alata
P. avasmontana
P. avasmontana
P. avasmontana
P. avasmontana
P. avasmontana
Type P. avasmontana
P. avasmontana
P. avasmontana
P. avasmontana
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
Type P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. petrosa
P. rehmii
P. rehmii
P. rehmii
P. rehmii
P. rehmii
P. rehmii
Type (scan) P. rehmii
Mixed character data matrix
No of rows: 39 No of columns: 53
OTU ll lw pl cl cw pel al ra rp pba pbp psp ch che rw ry pb3 pb5 pbN5 pb2r pb1s ag ap aim am
1 24.6 13.3 11 12 14.3 10.3 0.55 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 1 0
2 50.62 23.66 15.21 10.4 15.09 9.59 1 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 1 0
3 30.29 11.34 8.24 12.07 17.36 13.19 0.89 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 1 0
4 13.84 7.25 2.88 6.4 5.88 3.51 0.72 0 1 0 1 1 0 1 1 0 1 0 0 0 1 0 1 1 0
5 15.41 9.45 5.54 9.05 5.31 5.24 1.26 0 1 0 1 1 0 1 1 0 1 0 0 0 1 0 1 1 0
6 30.08 15.97 3.27 9.87 7.15 4.5 1.32 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 1
7 8.88 4.62 2.56 7.68 6.26 2.94 1.19 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 1 0
8 13.8 6.04 2.44 7.66 6.16 1.9 1.01 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 1 0
9 20.16 8.75 3.98 8.3 6.56 8.32 1.16 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 0 1
10 36.99 11.72 2.52 10.77 5.20 5.05 1 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 1 0
11 22.17 9.28 2.70 9.85 5.66 2.59 0.80 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 1 0
12 23.52 12.89 3.91 8.4 6.4 8.43 0.96 0 1 0 1 1 0 1 1 0 0 1 0 0 1 0 1 1 0
13 14.94 15.37 11.2 11.08 14.56 8.27 0.75 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
14 10.48 19.06 21.83 11.5 14.66 15.34 1.12 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
15 27.45 37.09 27.2 8.53 9.27 16.62 1.25 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
16 21.06 21.24 9.82 13.24 11.89 20.23 1.18 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
17 21.06 15.88 9.38 8.35 8.12 8.21 0.98 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
18 26.98 30.62 19.85 11.77 13.09 22.18 0.94 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
19 21.23 25.97 21.47 14.23 12.77 17.92 1.16 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
20 17.67 20.9 15.6 8.43 6.75 8.44 0.53 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
21 14.66 16.13 8.9 11.87 12.5 13.58 1.17 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
22 35.46 36.49 20.35 10.22 10.83 8.36 0.86 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
23 21.23 23.68 11.82 11.23 10.52 7.9 0.85 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
24 16.78 17.57 15.13 10.65 10.13 13.26 0.76 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
25 17.67 20.28 12.73 9.88 10.15 9.86 0.72 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
26 14.18 14.38 13.91 13.55 13.5 12.34 0.91 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
27 24.3 28.87 20.68 12.35 12.63 16.25 1.19 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
28 16.07 16.99 15.17 7.26 12.76 16.81 1.28 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
29 19.41 22.71 17.47 11.92 9.54 10.03 0.51 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
30 19.41 24.11 17.15 12.56 11.85 13.7 1.31 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 0 1
31 21.64 27.65 16.23 12.81 11.28 16.21 0.96 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
32 27.01 30.94 20.32 12.3 10.32 12.64 1.21 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
33 29.55 12.85 2.92 9.91 8.72 5.12 0.81 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
34 24.92 11.72 4.34 9.63 6.88 6.01 1.44 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
35 22.01 10.49 3.43 10.42 7.57 3.87 1.11 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
36 18.00 7.72 3.40 8.97 6.17 4.20 0.79 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
37 21.53 11.52 3.79 9.14 8.80 4.76 1.48 1 0 0 1 1 1 0 0 0 0 1 0 0 1 0 1 1 0
ll: leaf length; lw: leaf width; pl: petiole length; cl: capitulum length; cw: capitulumwidth; pel: peduncle length; ra: ray florets absent; rp: ray florets present; pba: pappus
bristles absent; pbp: pappus bristles present; psp: pappus scales present; ch: capitula homogamous; che: capitula heterogamous; rw: ray florets white; ry: ray florets
yellow; pb3: pappus bristles 3; pb5: pappus bristles 5; pbN5: pappus bristles more than 5; pb2r: pappus bristles 2 rows; pb1s: pappus bristles 1 row; ag: achenes glabrous;
ap: achenes pubescent; aim: achenes immature; am: achenes mature; fim: florets immature; fm: florets mature; ibsr: involucral bracts strongly recurved; ibnr: involucral
bracts not recurved ibg: involucral bracts obscurely glandular; iegl: involucral bracts eglandular; la: leaves alternate; lo: leaves opposite; ls: leaves sessile; lp: leaves
petiolate; lpa: leaves palmately lobed; lnpa: leaves not palmately lobed; lpu: leaves pubescent; lgl: leaves glabrous; ppr: petiole prominent; pnw: leaf narrowing into
petiole; pwp: petiole wing prominent; pwo: petiole wing obscure; lc: leaves cordate; lor: leaves orbicular; lr: leaves reniform; lla: leaves lanceolate; lov: leaves ovate; vr:
venation reticulate; vnr: venation not reticulate; lpi: leaves pitted; lpni: leaves not pitted.
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